The chemiluminescence (CL) detection featured high sensitivity, a wide determinable range of sample concentrations, and an inexpensive reagent and apparatus. Thus, CL detection has been successfully applied to FIA, HPLC, and capillary electrophoresis (CE). 1,2 Also, miniaturization of the analytical system must be a predominant merit in CL detection, because the CL detector does not need any light source or spectroscopes. We examined miniaturization in both batch-and flow-type CL detection cells for ordinary CE. Furthermore, we combined microchip CE with a CL detector based on the concept of a µ-total analysis system. 4 Through our past research concerning the CE-CL detector, published in more than 40 related papers, 5 we have become to recognize the very significant feature in the CE-CL detector. Naturally, while absorption and fluorescence detections are carried out in an on-capillary manner, CL detection is brought about by end-capillary (post column) detection. That is, the CE-CL detector possesses a very interesting and useful "microspace area" for reaction/detection at the tip of the capillary outlet. In this study, we proposed to take advantage of the micro-space area for the simultaneous analysis of plural samples in the CE-CL detector. We inserted three different length capillaries into a flow-type CL detection cell. Each sample migrated in the corresponding capillary toward the outlet and, in turn, mixed with the CL reagent to induce visible light.
Experimental
All of the reagents used were of commercially available special grade. Ion-exchanged water was distilled for use. Cu(II), Co(II), and Fe(III) alkaline solutions were prepared in 1 mM by dissolving copper(II) sulfate, cobalt(II) chloride, and iron(III) sulfate, respectively, referring to the preparation of buiret reagent. The stock sample solutions were diluted as needed with a migration buffer. A migration buffer (20 mM Tris-boric acid, pH 9.0) was treated by a filter and degassed for use.
A CE-CL detector, similar to that reported in a previous paper, 6 was used for the present study. The flow-type CL detection cell is shown in Fig. 1 ; three capillaries (50-µm i.d., 150-µm o.d., and 60, 70, and 80-cm length) were inserted into the Teflon tube (500-µm i.d.) and the CL reagent was delivered through a three-way joint to the tip of the capillary. The Teflontube was put just in front of the photomaltiplier tube. A fresh fused-silica capillary was treated with 1 M sodium hydroxide for 30 min, and then washed with distilled water. The capillary was filled with a migration buffer in advance. The sample was introduced into a capillary for 15 s from 30 cm height by siphoning. A high voltage of 15 kV was applied to the electrodes using a DC power supplier. The CL reagent containing 0.4 mM 1,10-phenanthroline, 0.8 mM hexadecyltrimethylammonium bromide, and 50 mM hydrogen peroxide in 100 mM NaOH-NaCl solution (pH 12.0) was fed at a rate of 0.4 ml h -1 by a syringe pump; it was mixed with the eluate at the tip of the capillary. The resulting CL was measured by a photon counter.
Results and Discussion
First, we examined the CL responses of Cu(II), Co(II), and Fe(III) with the CE-CL detector using one capillary (60-cm). The CL peak heights for their 5.0 × 10 -6 M concentrations were 900, 610, and 510 mV in this order. We examined the CL response of Cu(II) in more detail. It was determined over a range of 1 × 10 -8 -1 × 10 -3 M with a detection limit of 1 × 10 -8 (S/N = 3). A good linear relationship was observed on the loglog graph for the calibration curve, as shown in Fig. 2 ( ) ; the correlation coefficient was 0.998. The relative standard deviation of 1.0 × 10 -6 M was less than 4% (n = 8). Clearly, the present system could analyze Cu(II), the concentration of which was less than the water quality standards of ca. 1 × 10 -5 M. We next examined the CL response of Cu(II) using three different length capillaries (60, 70, and 80-cm). Their CL peak heights were almost the same and their migration times were 4.1, 5.8, and 7.0 min, in this order. It was confirmed that three samples were simultaneously detected by using three different length capillaries.
The micro-space area for the reaction/detection at the tip of capillary enabled the simultaneous analysis of plural samples in the CE-CL detector.
We tried to apply the present system to study the Cu(II) concentration in city water. We directly examined city water in our laboratory by the present method. We could not see any peak on the electropherogram, or any change in the base-line CL; it was confirmed that the system was not influenced by any co-existences in city water, and that there existed no Cu(II) more than 1 × 10 -8 M. We added Cu(II) to city water to be 1.0 × 10 -7 M in order to prepare a real model sample. The model sample was analyzed together with two other reference samples (1.0 × 10 -8 and 1.0 × 10 -6 M Cu(II)) simultaneously by using three different length capillaries. We could obviously observe three CL peaks on the electropherogram, as shown in Fig. 3 . The calibration curve obtained with the two plots of 1.0 × 10 -8 and 1.0 × 10 -6 M Cu(II) ( ) were added to Fig. 2 . The Cu(II) concentration in the model sample was more easily, rapidly, and precisely estimated by using the contemporary calibration curve ( ), compared with by using the calibration curve ( ), which was obtained on another day. Values of 8.8 × 10 -8 and 1.7 × 10 -8 were estimated as the Cu(II) concentration in the model sample with the respective calibration curves.
The obtained result supported the possibility that the present system will become a powerful way to examine real samples in the environment. Kuban et al. developed an interface for coupling flow-injection analysis and CE. 7 The system achieved a high sampling throughput. The present work demonstrated that the end-capillary detection of the CL reaction in CE possesses an ability to perform high throughput by using plural capillaries.
